Gilbert's syndrome causes mild, unconjugated hyperbilirubinemia and is present in approximately 10% of the Caucasian population. The basis of the disorder is a 70% reduction in bilirubin glucuronidation catalyzed by the UDP-glucuronosyltransferase 1A1 (UGT1A1), which, in Caucasians , is the result of a homozygous TA insertion into the promoter region of the UGT1A1 gene (UGT1A1*28). Homozygous carriers of UGT1A1*28 as well as those with additional UGT1A variants can suffer from severe irinotecan toxicity or jaundice during treatment with the protease inhibitor atazanavir. UGT1A1*28 genotyping identifies patients at risk for drug toxicity and can increase drug safety by dose individualization. Rapid and facile UGT1A1*28 genotyping is therefore of great clinical importance. Two hundred ninety-one patients with suspected Gilbert's syndrome were genotyped using the TaqMan 5nuclease assay with minor groove binder-non fluorescent quench probes; results were confirmed by direct sequencing. Ninety-six patients (33%) were homozygous for UGT1A1*28 , which was verified by direct sequencing of a different PCR product showing 100% concordance with the TaqMan PCR results. We describe a novel UGT1A1*28 genotyping method that employs allelic discrimination by TaqMan PCR. This assay provides a rapid , high-throughput , and costeffective method for Gilbert's syndrome genotyping, which is of value for pretreatment screening of potential irinotecan toxicity. The method utilizes a technological platform that is widely used in clinical practice and could therefore be easily adapted for routine clinical applications.
Gilbert's syndrome is a common cause of mild jaundice that results from unconjugated hyperbilirubinemia due to reduced glucuronidation of bilirubin by UDP-glucuronosyltransferase 1A1 (UGT1A1). 1, 2 From a hepatological point of view Gilbert's syndrome is considered benign because it does not lead to chronic liver dysfunction or fibrosis. However, recent reports have linked it to drug toxicity and cancer predisposition. Patients treated with the protease inhibitor atazanavir, or the anti-tumor agent irinotecan are at an increased risk of developing jaundice of severe drug toxicity. 3, 4 Furthermore, an association of Gilbert's syndrome with breast cancer has been reported. 5 Beyond identifying the nature of mild unconjugated hyperbilirubinemia UGT1A1*28 genotyping is a tool to predict drug side effects allowing for individualized therapeutic regimes with less toxicity.
The genetic basis of Gilbert's syndrome in Caucasians is a homozygous TA insertion into the TATA box promoter region of the UGT1A1 gene (UGT1A1*28) on chromosome 2. This variant exhibits 7 TA repeats (TA) 7 instead of the wild-type 6 TA repeats (TA) 6 leading to a 70% to 80% reduction of bilirubin glucuronidation in homozygous UGT1A1*28 carriers. This feature carries a high relevance because of its frequency amounting to approximately 0.4 in the Caucasian population, which would lead to 16% homozygous carriers. 1, 6 Additional single nucleotide polymorphisms within the human UGT1A gene locus may also contribute to the phenotype of Gilbert's syndrome. A G71R exon variant with a frequency of approximately 0.23 (UGT1A1*6) has been described in Asians. 7 An additional TA insertion in the promoter region leads to eight TA repeats resulting in a further reduction of glucuronidation activity has been mainly detected in Africans (UGT1A1*37, frequency up to 0.07 in Africans), and a promoter variant lacking one TA repeat [(TA) 5 , UGT1A1*36, frequency up to 0.08 in Africans] has been identified, which interestingly leads to an increased transcriptional activity. 8 However, these variants are extremely rare in Caucasians.
Thus methodology capable of rapid and reliable detection of UGT1A1*28 is of value. Several methodological approaches have been recently published, which include pyrosequencing, 9 commercially available InvaderTM assays approved by the Food and Drug Administration, 10 the smart amplification process, 11 capillary electrophoresis and DNA fragment analysis, 12 or fully denaturing high-performance liquid chromatography. 13, 14 However, direct sequencing of the UGT1A1 promoter region-although time consumingremains the gold standard method for genotyping the UGT1A1*28 variant.
Case Reports
Three patients receiving anticancer treatment with irinotecan were presented for a consultation by our outpatient oncology unit with the question of the presence genetic markers of Gilbert's syndrome. A 62-and a 72-year-old man with colorectal cancer and pulmonary as well as hepatic metastases had developed severe leukopenia, anemia, and diarrhea. A 72-year-old woman with gastric carcinoma and pulmonary as well as hepatic metastases had developed anemia and diarrhea under treatment requiring dose reductions and hospital admission for further treatment. Genotyping by direct resequencing of the UGT1A1 gene promoter showed a homozygous TA insertion (UGT1A1*28) in all three individuals, confirming the Gilbert's syndrome polymorphism. Based on these examples the issue of pretreatment UGT1A1*28 screening of candidates for irinotecan therapy was raised in our tumor conference, and we were asked to suggest a rapid and facile genotyping test.
Materials and Methods
The TaqMan 5Ј-nuclease assay is an established method widely used for real-time PCR quantification. The design of genotype-specific probes allows a rapid allelic discrimination genotyping analysis. For other common single nucleotide polymorphisms of the UGT1A gene locus TaqMan assays either have been published or are commercially available. However, a method using TaqMan PCR for allelic discrimination of the clinically most important variant-UGT1A1*28-has not been described so far.
Genomic DNA was isolated from whole blood samples of patients referred for suspected Gilbert's syndrome by the NucleoSpin Blood XL Kit according to the recommendations of the manufacturer (Machery and Nagel, Dueren, Germany). Approximately 40 ng were used as a template in TaqMan 5Ј nuclease assay. Primers and probes specific for (TA) 6 and (TA) 7 , respectively, were designed with the Primer Express software (Applied Biosystems, Darmstadt, Germany) and labeled at the 3Ј end with either 6-carboxyfluorescein or VIC as reporter dyes and at the 5Ј end with a non-fluorescent quencher and a minor groove binding molecule (Applied Biosystems), the respective concentrations were optimized for allelic discrimination and are reported in Table 1 . The detection run consisted of a hot start at 95°C for 10 minutes and 55 cycles of 94°C for 15 seconds and 60°C for 1 minute. All assays were performed as 25-l reactions using qPCR Mastermix Plus (Eurogentec, Seraing, Belgium) supplemented with 600 mol/L magnesium chloride to a final concentration of 5.6 mmol/L of magnesium chloride on 96-well plates using an ABI 7000 instrument (Applied Biosystems).
Results were confirmed by direct DNA sequencing after amplification of an 184-bp product of the UGT1A1 promoter region followed by cycle sequencing. Primer sequences were 5Ј-TCCCTGCTACCTTTGTGGAC-3Ј (forward and sequence PCR) and 5Ј-AGCAGGCCCAGGACAAGT-3Ј (reverse). Sequence PCR was performed using the DyeTerminator Cycle Sequencing Kit 1.1 (Applied Biosystems). The nucleotide sequences were determined on an ABI 310 automated sequencer (Applied Biosystems).
As the promoter region of the UGT1A1 gene consists of six or seven TA repeats UGT1A1*28 represents a challenge for probe design. Factors that complicate TaqMan probe binding and detection include insertional mutations that enable binding of the non-specific probe by causing hairpin structures, as well as multiple TA repeats leading to formation of probe homo-and heterodimers, which can inhibit binding to the target sequence. The following adjustments had to be made to the standard protocol to ensure an adequate efficiency.
TA repeats have a low binding affinity and therefore lead to a reduced binding temperature of short probes. Long TaqMan probes are less suitable for allelic discrimination because the mismatching oligonucleotide(s) have to contribute substantially to the binding affinity to allow sufficient discrimination between the differing genotypes. We therefore used minor groove binder-non fluorescent quench (Applied Biosystems) to gain a higher binding temperature with short probes. Due to different binding kinetics of the wild-type and variant probe, the respective Table 1 
. Taqman Probes and Primers

Sequence Concentration
Primer forward 5Ј-AACATTAACTTGGTGTATCGATTGGT-3Ј 600 nmol/L Primer reverse 5Ј-AGCAGGCCCAGGACAAGT-3Ј 300 nmol/L Probe (TA) 6 6-FAM-5Ј-TTGCCATATATATATATATAAGTAGGA-3Ј-MGB 80 nmol/L Probe (TA) 7 VIC-5Ј-TGCCATATATATATATATATAAGTAGGA-3Ј-MGB 250 nmol/L probe concentrations as well as the amount of primers had to be modified, and magnesium added to increase specificity. In addition, the PCR run had to be extended to 55 cycles to gain efficient differing fluorescent signals.
Results and Discussion
The resulting cluster plot shows strong fluorescent signals for each allele and a clear separation between the three clusters discriminating the variant, heterozygous, and UGT1A1*1 allele status (Figure 1) . The assay showed low interprobe variability with a maximum SD of 8.4% (Figure 2 ). Interassay variation for the same probes was higher indicating the need for additional genotyping of positive controls with each run since fluorescence levels alone cannot provide sufficient information on the respective genotype. Although this may not be necessary in most cancer center settings this method permits the analysis of up to 44 patients (duplicates including two no-template controls, and two positive controls for wild-type, heterozygous, and homozygous status) in a single run using a standard 96-well-plate. Two hundred and ninety-one patients with isolated raised bilirubin levels and therefore suspected Gilbert's syndrome were analyzed, of whom 96 (33%) were homozy-gous and 100 (34.4%) heterozygous for the UGT1A1*28 variant, and 92 (31.6%) were homozygous UGT1A1*1. The results showed 100% concordance with independent DNA sequencing.
Three patients of North African descent with the rare UGT1A1*36 promoter polymorphism characterized by five TA repeats (one homozygous variant carrier, two heterozygous carriers) were included in our study. In these patients very low reporter dye signals were recorded, which were only slightly higher than those of the no-template controls (Figure 1 ), which suggests absent or very inefficient probe binding in the presence of the UGT1A1*36 variant. The signal of the 6-Fam-labled probe specific for the wild-type allele in patients with a heterozygous variant was not high enough to falsely identify them as wild type. Although other reasons for the failure of allelic discrimination including poor quality of DNA have to be excluded, the described method appears suitable for the detection of homozygous as well as heterozygous individuals with the rare UGT1A1 (TA) 5 genotype. In these cases direct sequencing would have to ensue in case of low dye signals, which would be expected in very few patient samples. DNA from patients harboring the homozygous UGT1A1*37 variant (8 TA repeats) was not available and therefore not included in our study. As most of the available rapid genotyping methods for UGT1A1 variants are not suitable for detection of UGT1A1*37, the rare UGT1A1 (TA) 8 genotype remains limited to direct sequencing.
Conclusions
The clinical need for genotyping for the (TA) 7 variant of the UGT1A1 promoter region is being increasingly recognized as a predictive factor of standard therapy with certain drugs such as atazanavir and irinotecan. The Food and Drug Administration has already recommended a reduced initial dose of the anti-tumor agent irinotecan for patients known to be homozygous for the UGT1A1*28 allele. 15 In a recent meta-analysis of nine studies with a total of 821 irinotecan-treated patients an association of toxicity with UGT1A1*28 was confirmed, but it was also noted that in patients receiving lower doses of irinotecan (100 to 125 mg/m 2 ) the risk of side effects was similar in UGT1A1*1 and UGT1A1*28 carriers. 16 The use of TaqMan allelic discrimination for UGT1A1*28 genotyping is of special interest as the methodology is in frequent use in clinical laboratories and could be adapted from those using the TaqMan for real-time PCR technology. Recent reports have shown that additional polymorphisms of the UGT1A gene locus are important and can also be detected by adapting the aforementioned methodology (described in 3 ) . Against this background the described methodology would provide a facile and robust method suitable for high volume cohorts. In our case rapid and facile pretreatment genotyping in candidate patients for irinotecan therapy could be implemented using the above outlined methodology. Gilbert's Syndrome and TaqMan PCR 551 JMD November 2008, Vol. 10, No. 6 
